Introduction
Calcified chronic subdural hematoma (CCSDH) is a rare disease that accounts for approximately 0.3%-2.7% of all chronic subdural hematomas (CSDHs) [1] . The clinical features of CCSDH are very similar to those of noncalcified CSDH and include headache, lack of alertness, weakness, numbness, gait disturbance, dysphasia, seizures, memory impairment, confusion, and unconsciousness [2] . All cases of symptomatic CCSDH should be treated surgically. While the majority of patients recover well following surgery [3, 4] , some do not. In this article, we report the case of a patient who suffered severe cerebral edema after the total removal of a CCSDH. A decompressive craniectomy was then performed. Although there were no abnormal findings in laboratory blood tests, and no signs of brain herniation or epilepsy was found the following day after surgery, the patient's family refused all treatment and a post-operative brain computed tomography (CT) scan. The patient was discharged and died at home. Cerebral hematoma and normal perfusion pressure breakthrough (NPPB) may cause severe cerebral edema following the total removal of a CCSDH.
Case description
A 62-year-old male patient was admitted to our neurosurgical unit for progressive deterioration of consciousness since the past 2 days. There was no history of head trauma, hypertension, or any other systemic disease. Upon admission, his Glasgow coma scale (GCS) score was 8 (E2V2M4) and his pupil reflex was normal. He had left hemiparesis (grade 3 in both the upper and lower limbs) and a positive Babinski sign on his left side. His routine laboratory test results were within normal limits. A brain CT scan showed the presence of a large mixed-density lesion with a hyperdense calcified rim in the right frontotemporo-parietal region, and the right lateral ventricle was significantly compressed and shifted to the left side. A bone window CT revealed that some of the skull near the lesion had become thinner (Figure 1) . Because of the patient's severe condition, surgery was scheduled to remove the lesion. We made a large, horseshoe-shaped fronto-temporo-parietal incision that extended over the area of the lesion, to create a bone window that was approximately 12 cm × 15 cm. After the bone flap was removed, a meningioma-like mass was revealed. The dura was then opened and the thick, firm outer membrane of the lesion was exposed. The lesion contained a dark brown muddy substance that we later confirmed to be an old hematoma, using histopathology. The inner membrane of the hematoma was hard and calcified but we were able to easily dissect it from the arachnoid mater without causing any damage to the brain. After the hematoma was completely resected, we encountered severe cerebral edema (Figure 2) . We performed a decompressive craniectomy and transferred the patient, with tracheal intubation, to the intensive care unit. The day after surgery, despite the absence of abnormal laboratory blood test results, and brain herniation or epilepsy, the patient's family refused all treatment, including a post-operative brain CT scan. The patient was discharged and died at home. The family refused to consent to an autopsy.
Ethical approval
The study was approved by the Research Ethics Committee of the Affiliated Hospital of Qinghai University.
Informed consent
Written informed consent was obtained from the patient's family. 
Discussion
CCSDH is a rare condition that accounts for 0.3%-2.7% of all cases of CSDH [1] . The first report of a CCSDH was described by von Rokitansky in an autopsy performed in 1884 [5] . The first CCSDH operation was performed by Goldhahn on an 11-year-old child in 1930 [5] .
Until recently, the mechanism underlying CCSDH was unclear. Afra et al. [6] reported that poor circulation and absorption in the subdural space as well as thrombosis could be factors that caused calcification. Imaizumi et al. [7] reported that brain atrophy, microcircular disorder, meningitis, encephalitis, and premature delivery may also play critical roles in CSDH calcification. Loh and Lowang [8] found that active vascular proliferation in damaged brain tissue may also be involved in CSDH calcification. In our case, the patient lived for a long time without any neurological problems and the family denied any history of head trauma or other systemic disease. Therefore, we do not know the etiology of the hemorrhage and calcification in this patient.
Many researchers have reported that the time between hematoma formation and calcification can range from 6 months to many years, but it most often takes a few years [9] [10] [11] . The bone window CT in our patient showed that the part of the skull next to the lesion had become thinner as a result of the hematoma, indicating that the CCSDH might have been present for at least 6 months.
The clinical features of CCSDH are very similar to those of noncalcified CSDH [2] . Headache is the most common symptom of CCSDH. Other symptoms include decreased alertness, weakness, numbness, gait disturbance, dysphasia, seizures, memory impairment, confusion, and unconsciousness. However, the majority of cases of CCSDH are asymptomatic [12, 13] . In the case described here, the patient was admitted to our hospital for progressive deterioration of consciousness that had lasted only 2 days. This symptomology indicates that a CCSDH may have caused a chronic but mild increase in intracranial pressure that was high enough to cause neurological symptoms.
Although most cases of CCSDH are diagnosed using CT or MRI, it is sometimes difficult to differentiate CCSDH from other calcified extra-axial lesions, such as calcified epidural hematoma, subdural empyema, meningioma, calcified arachnoid cyst, calcified convexity dura mater with acute epidural hematoma, and malignant tumors. In addition, achieving a final diagnosis requires confirmation by a pathological examination.
Generally, surgery for CCSDH is recommended for infants and young patients or patients with neurological symptoms, but the surgical indications for asymptomatic patients with CCSDH are controversial [3, 5, 13, 14] . According to Matsumura and Nojiri [12] , CCSDH resection in the elderly is neither necessary nor beneficial. However, Ide et al. [13] suggested that surgery for asymptomatic CCSDH with significant cerebral compression should be considered to relieve compression and prevent future brain damage. If a symptomatic CCSDH is diagnosed as mass effect, an operation should be considered because some CCSDHs can involve an active lesion that grows like a neoplasm. Following surgical intervention, many cases of CCSDH experience an improvement of symptoms [3] . In our case, we encountered severe cerebral edema after the CCSDH was removed. Moon [14] reported a contralateral acute subdural hematoma after surgical removal of a CCSDH in a 47-year-old woman; the author thought that the mechanism of the acute subdural hematoma, located contralateral to the operation site for an intracranial lesion, was related to tethering venous structure damage caused by a perioperative parenchymal shift. Tatli [15] also reported a spontaneous acute subdural hematoma contralateral to the CCSDH operation site in a 16-year-old boy. Therefore, we thought that the severe cerebral edema in our case may have been caused by a contralateral cerebral hematoma; however, the patient's family refused a post-operative brain CT scan and as such, the cause of the hematoma could not be confirmed. Other causes of the severe cerebral edema in the case could include NPPB, seizure, and electrolyte disorder. As there were no abnormal findings in the laboratory blood tests and no sign of brain herniation or epilepsy following surgery, we do not believe that the severe edema resulted from seizure or electrolyte disorder. We do, however, believe that NPPB could explain the severe cerebral edema that occurred in this patient. A potential underlying mechanism of NPPB is the incapacity of vasculature adjacent to the CCSDH to dilate or constrict to autoregulate pressure. After the CCSDH was removed, the accumulation of excessive blood in these vascular structures may have caused normal brain tissues to swell or bleed [16, 17] . However, the exact cause of the severe edema could not be verified without an autopsy.
Conclusions
CCSDH is a rare disease. All cases of symptomatic CCSDH should be treated with surgery. Cerebral hematoma and NPPB may cause severe cerebral edema following a complete CCSDH resection.
